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HYDROLOGY

• Paramos have highly variable rainfall between 150 (dry) and 4090 

(wet) mm yr-1. Most common rainfall regimes are between 1000 

and 2000 mm yr-1.

• Water inputs by fog interception are between 7 % to 30% of total 

incoming rainfall, constituting a relevant water source. 

• Mean temperature ranges are more stable: They range from 10ºC  

in their lower elevations to 0ºC on their upper boundary.

• Paramos have a high influx of shortwave radiation and contrasting 

day-night temperature variations (Summer by day, winter by night)

• Actual Evapotranspiration is about 51% of incoming rainfall

• Despite the usually high annual rainfall, paramos can have seasonal 

climates with arid periods.



HYDROLOGY-SOILS

• Paramo soils evolve in low temperatures, high soil moisture, 

and Al availability. These characteristics lead to low 

decomposition rates and high organic matter content. Carbon 

stocks

• For mature paramo soils, micropores with a radius < 0.1 μm 

can occupy > 50% of the soil volume and hydraulic 

conductivity of a mature typical paramo soil can reach 60 mm 

h-1. Water flor regulation 

• Wetlands are key in regulating base flows throughout the year. 

https://boyaca7dias.com.co/2019/10/12/inicio-estudio-de-suelos-en-paramos/



PARAMOS AS WATER TOWERS

• Natural land-cover is dominated by short vegetation grasslands with scarce patched of woodlands and intermittent 

wetlands and ponds. 

• Runoff ratios (ratio between annual precipitation and annual discharge) between 0.50 and 0.70 (reaching up to 0.9) 

have been reported in natural wet paramos. This is a high water yield. 

• Due to the Paramo’s higher position in relation to cities they are considered water towers from which water can be 

brought to cities by gravity. 

• In Colombia, 16 major cities with 35% of Colombia’s population obtain their water from surrounding Paramos. 



PARAMOS AS BIODIVERSITY HOTSPOTS

• In Colombia, paramos represent 2.6% of its 

continental area and they hold 12% of 

known biodiversity. They host 1070 endemic 

species of which 118 are threatened.



THREATS

15,4 % (449.500 ha) of the paramo’s extent has been replaced by 

other land-covers. Anthropogenic land covers include: 

• Pastures (introduced grasslands)

• Crops (potato, onion, peas, strawberries)

• Tree Plantations (exotic Pine and Eucalyptus)

• Mining (large and small scale coal and gold)

• Invasive species (Ulex europaeus)

https://agenciadenoticias.unal.edu.co/detalle/article/salvar-reserva-de-agua-objetivo-en-recuperacion-de-bosque-en-usme.html
https://www.eltiempo.com/archivo/documento/CMS-16590283



CONSERVING THE PARAMOS: LAW

• The Colombian constitution of 1991: Paramos are key ecosystems declared as 

ecosystems of particular interest. 

• In 2003, the law enabled buying paramo land for protection.

• In 2010, mining was excluded from the paramos.

• In 2011, it became clear that we did not know the limits of paramos or 

wetlands, so their official economic, social and environmental delimitation 

was requested. 

• In 2014, the State Council stated that the agrarian activities developed in 

paramos before the 2011 delimitation exercise had to be gradually substituted 

by economic activities compatible with sustainable development, and the 

state had to provide the means for such transition. Also, small scale farmers 

must have a differential treatment from other productive sectors (e.g. Miners, 

large scale agriculture and plantations). 

• In 2018, Regulatory decree on the schemes for payment for ecosystem 

services (PES)



CONSERVING THE PARAMOS: PAYMENT FOR 
ECOSYSTEM SERVICES (PES)

• In Colombia PSE on paramos can be funded by: a) environmental 

compensations for ecosystem transformation or water use, b) money 

transfers from the electric sector, c) water-use rates and d) forestry 

incentives. 

• On September 2020, the National Planning Department issued a guide on 

how to formulate PSE projects. 

• The process is not simple, however, multiple exercises have been carried out 

throughout the country prior to 2020 but there is little available information 

on follow-up.  



HOW TO PROPOSE A PES

1. The areas have to be located in key ecosystems reported in the 

protected area or important ecosystems registries. 

2. Characterize the socio-economic context of the target population 

3. Analyze the land tenure in the target area 

4. Define the conservation and/or restoration actions to be 

recognized by the PES. 

5. Define the value of the incentive according to the  cost-

opportunity of the land and form of payment. 

6. Structure the agreements

7. Socialize the PES with potential beneficiaries of the ecosystem 

services

8. Perform the legal studies of land tenure. 

9. Register the project with the regional environmental authority. 



HOW TO IMPLEMENT PSE

1. The agreement is signed

2. The areas to protect or restore have to be isolated

3. Granting the incentive once the actions are verified.

4. Report the information and follow-up of the PES to the environmental 

authority

5. Setup the monitoring system for verification of land-cover protection 

or recovery

6. Follow-up and monitor the implementation of the PES

7. Legal follow-up of the project by an independent audit

8. Develop environmental education and communitarian strengthening 

workshops

9. Strengthen land-use efficiency, implement a per farm ordainment 

plan focusing on increasing the sustainability of productive systems



CONSERVING THE PARAMOS: PSE CHALLENGES

1. Not all implementations of PES recognize the underlying socio-economical and historic 

situation of the area. 

a) Identifying the key drivers of unsustainable practices is fundamental to invest resources in solving those key 

points, usually related to the high dependence of people on their farm production for their subsistence. 

b) Example 1: Farmers in paramo are forced to rent their lands for large scale agriculture (potato) to generate 

income, but mainly to seek  benefit from the fertilization and tractor plowing of the rented fields after the lease 

ends. 

c) Example 2: For indigenous people the PES income is not the most important aspect. They give higher priority to 

the decision-making processes and distribution of the benefits.

2. Many rural areas in Colombia, including paramos were scenarios of the armed conflict, 

making the social context very complex.

3. The effect of the PES schemes on protecting the hydrological regulation function of 

Paramos is seldom known and mostly inferred from land-cover. 

4. The project formulation can be too long and local partners can easily loose interest on the 

way. 



CONSERVING THE PARAMOS: PSE CHALLENGES

The history of an area is 

only in the memory of 

its inhabitants as we 

seldom have written 

records and most of this 

information is not visible 

through historic satellite 

images.



CONSERVING THE PARAMOS: PSE CHALLENGES

5. PSE have a maximum duration of 5 years, but it can be extended. 

Usually their duration is limited when funded by time-limited activities 

like mining or oil projects, and there are no after-the-agreement-ends 

clauses on land-use. Therefore, the conservation of the areas subjected 

to PES relies heavily on the benefits derived from the more sustainable 

practices.

6. Environmental education and governance workshops can become a  

one-way knowledge transfer. It is crucial for theses spaces to promote a 

two-way knowledge transfer, guaranteeing the participation of local 

partners in the PSE processes and beyond it. 

7. Land tenure in Colombia is a complicated subject. Despite PES allowing 

to include local partners that do not have legal tenure, they tend to have 

lower possibilities. Usually they are also the ones with less income and a 

higher need for land-use transformation to claim legal possession. 



CONSERVING THE PARAMOS: THE WAY FORWARD

Of all ecosystems in Colombia, paramos have been the center of interdisciplinary research in 

the recent decades. So, by now we are aware that: 

1. Conservation can not displace people that have a long term history in the paramos. On the 

contrary, they have to be included as allies for conservation. 

2. Sustainable production must aid in reducing poverty and lead to a more egalitarian 

society.  It must also include all members of the society (women, men, youth, elders). 

3. Sustainable production is possible, but we are still in an early stage. Our ecosystem 

diversity challenges our capacity to understand each ecosystem particularities and 

potential, and co-develop authentic strategies that are tailored for those specific 

characteristics. 

4. We have a long way in identifying and developing possible biodiversity sustainable uses 

(e.g. ecotourism, native bee keeping), to truly counter act cattle ranching and large scale 

agriculture.



CONSERVATION OF ECOSYSTEM SERVICES IS A 
MULTI-ACTOR TRANSDISCIPLINARY CHALLENGE
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